Abstract: Kota City is a prominent industrial and educational town of Rajasthan state, India. Mega industrial projects of cement, fertilizers, power plant, oil seed processing units are located nearby the city. The groundwater of study area is used in domestic as well as in industrial activities. It is worthwhile to know the water quality status and its effect on entity, which is exposed in practical use. A comprehensive assessment of water quality parameters in groundwater samples drawn from 24 different locations, 6 sites from each direction at outer skirts of Kota City of Rajasthan, India, in four seasons of years 2006 to 2008 was carried out. To find out the suitability and stability of water, various indices available to assess the scale formation and corrosivity was used. The Langelier saturation index (LSI) and Ryznar saturation index (RSI) were calculated and discussed with respect to saturation level.
Introduction
Groundwater sources range over a broad spectrum of chemical quality, which reflects the history of water and the region of origin. The effect of water on the industrial equipment, piping system, utensils and other objects, appears in four forms: fouling, deposition, aggression and corrosion. Fouling is a complex phenomenon resulting from the accumulation of undesirable deposition on surface. Deposition is the phenomenon in which salts gets deposit on surface. Aggression is the dissolution of cement material comprising the conduits and retaining structures. Corrosion is the end result of electro chemical reaction between water and the metal components. Factors causing corrosion [1] [2] [3] include acidity, hardness, high chloride concentration, dissolved oxygen and scale formation depends upon temperature, pH and concentrations of HCO 3 -, CO 3 2-, Ca 2+ and Mg
2+
. The occurrence of scale formation and corrosion in natural and processed waters can cause serious operational and cost problems in industries and drinking water supply systems 4 . It has been roughly assessed that in India direct loss due to corrosion is amounting Rs. 200 crore/annum. To evaluate the scale formation and corrosivity potential of water, so many indices are there but Langelier saturation index (LSI) and Ryzner saturation index (RSI) are the most famous CaCO 3 saturation indices, in which LSI determines whether water has tendency to precipitate or dissolve CaCO 3 and RSI estimates the quantity of the precipitated or dissolved amount of CaCO 3 . It is believed that supersaturated waters are scale forming whereas undersaturated waters are corrosive.
Kota City is a prominent industrial and educational town of Rajasthan state. Mega industrial projects of big industrial houses as DCM, CFCL, KSTPS, KS Oil etc. established their projects comprising the production facilities of cement, fertilizers, power plant, edible oil etc. nearby the city. Perennial River Chambal is the main water source for industries and agricultural activities but in lean season when canals are not flowing industries supposed to use groundwater in industrial activities. In the present study, the quality, potential of scale formation and corrosivity of twenty four groundwater samples collected from four different directions including six sites from each direction at outer skirts of Kota City of Rajasthan, India, in four seasons of years 2006 to 2008 were studied and the results were fully interpreted with respect to saturation level.
Experimental
Details about study area, sampling locations, sampling techniques and standard methods applied for analysis are as discussed below:
Study area
Kota City is centrally located in Hadoti Region. Over the years of industrial development Kota's name became synonymous with industrial town of Rajasthan as large industrial houses like KSTPS, DCM, instrumentation Ltd., Chambal fertilizers LTd., etc. have their units located at Kota.
Kota has good number of prominent industrial units, good network of railway lines, perennial sources of water and electricity. The Chambal River provides the irrigation, water supply and electricity to the whole Hadoti Region. It is well connected with all major cities of India by broad gauge railway system. National highway 12 Jaipur to Jabalpur and 76 Shivpuri to Pindwara pass through the city.
The 
Sampling locations and techniques
To find out potential of scale formation and corrosivity in groundwater of outer skirts of industrial and educational Kota City water samples were collected from 24 different selected sites in years 2006, 2007 and 2008 in all the four major seasons i.e. winter, spring, premonsoon and post-monsoon. The selection of sampling sites is done to give coverage to the largest area of outer skirts of Kota City in all the four directions, covering estimated points of high probability of groundwater pollution. Kota district map is shown on Figure 1 and sampling locations are shown in Figure 2 . Six villages of prime importance from each direction were selected for study. The bore wells / hand pumps located in residential, commercial, agricultural and industrial area were selected for sampling. Before collecting groundwater samples the pipeline of bore wells / hand pumps were flushed for a sufficient period of time, so that actual sample can be collected which represents the actual quality of groundwater 5 . The samples were collected as composite samples, at every site samples collected from four different points and then mixed together. Sample collected in precleaned good quality narrow mouth screw-capped polypropylene bottles of two-liter capacity and rinsed thrice with the water to be collected and then filled completely to avoid encroachment of any air bubble. Sample bottles screw-caped tightly and brought to the laboratory. The samples were preserved in refrigerator at 4 o C. Samples were protected from any out side contamination. 
Locations
GWS/N/1 GWS/N/2 GWS/N/3 GWS/N/4 GWS/N/5 GWS/N/6 GWS/E/1 GWS/E/2 GWS/E/3 GWS/E/4 GWS/E/5 GWS/E/6 GWS/S/1 GWS/S/2 GWS/S/3 GWS/S/4 GWS/S/5 GWS/S/6 GWS/W/1 GWS/W/2
Analytical methods
The analysis of groundwater samples was done using procedures of standard methods (APHA, 1995) 6 and all analysis were carried out in triplicate. Water used in reagent / standard preparation is of Milli-Q and chemicals were of AnalR grade. The pH of sample was measured at site with the help of portable meter. Total alkalinity was estimated in laboratory by titration with standard hydrochloric acid. Total hardness and calcium hardness was measured by titration with standard EDTA and total dissolved solids was estimated by evaporation method. For calculation of indices temperature of water was taken 25 o C for all the samples so that impact of physicochemical parameters on potential of scale formation and corrosivity can be figure out.
Calculation of indices

Langelier saturation index (LSI)
It simply indicates the driving force for scale formation and growth in terms of pH as a master variable. It is purely an equilibrium index and deals only with the thermodynamic driving force for calcium carbonate scale formation and growth. It provides no indication of how much scale or calcium carbonate will actually precipitate to bring water to equilibrium 7 .
If LSI is negative: No potential to scale, water will dissolve CaCO 3 . If LSI is positive: Scale can form and CaCO 3 precipitation may occur. If LSI is close to Zero: Borderline scale potential. In order to calculate the LSI, it is necessary to know the total alkalinity (mg/L as CaCO 3 ), the calcium hardness (mg/L as CaCO 3 ), the total dissolved solids (mg/L TDS), the actual pH and the temperature of the water ( o C). LSI is defined as: LSI = pH -pHs (1) pH is the measured water pH. pHs is the pH at saturation in calcite or calcium carbonate and is defined as : pHs = (9.3 + A+B) -(C+D) (6) From analyzed data calculated LSI using equations (1) to (6) .
The use of the equation developed by Langelier made it possible to predict the tendency of natural or conditioned water to deposit calcium carbonate or to dissolve calcium carbonate. This is useful in predicting the scaling or corrosive tendencies of the water 8 . If the water dissolves calcium carbonate, the water is corrosive and has a negative value, if the water deposits calcium carbonate; it has a scaling tendency and a positive value.
Ryznar saturation index (RSI)
The Ryznar saturation index is an empirical method for predicting scaling tendencies of water based on a study of operating results with water of various saturation indices 9 .
RSI = 2 pHs -pH = pHs -Langelier's saturation pH This index is often used in combination with the Langelier index to improve the accuracy in predicting the scaling or corrosion tendencies of water. Calculated Ryznar saturation index (RSI) values can be construe as, RSI values in between 4.0 -5.0, than water have heavy scaling tendency; between 5.0 -6.0, light scaling; 6.0 -7.0, little scale or corrosion; 7.0 -7.5, corrosion significance; 7.5 -9.0 heavy corrosion and higher than 9.0, water have tendency to make corrosion which is intolerable.
Results and Discussion
The sampling locations and there respective code along with numbering on Figure 2 is given in Table 1 Table 2 ; calculated values of LSI and RSI are shown in Table 3 ; interpretation of LSI and RSI with respect to scale formation and corrosivity potential is given in Table 4 & 5 respectively. The observations summarized in Table 2 and calculated indices given in Table 3 are interpreted in a manner given below 
Langelier saturation index (LSI)
Calculated
Ryzner saturation index (RSI)
Conclusion
From the present study of groundwater, it can be concluded that the groundwater of outer skirts of Kota city are having scaling tendency in comparison to corrosion tendency, hence the water required some conditioning before use. The use of groundwater without treatment may results in precipitation of calcium carbonate as it is visually seen in bottom of utensils used by residents of the area. Rapid urbanization and indiscriminate disposal of solid waste 10 and domestic effluents 11 causes depletion in quality of nearby surface water bodies 12 and alter the physicochemical properties of water [13] [14] [15] . Percolation of such polluted water in groundwater table results in changing the behavior of water towards its scale formation and corrosivity. Hence to prevent the pristine quality 16 of groundwater at outer skirts of Kota city, pollution control measures should be taken immediately.
